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I n previous papers i t was pointed o u t t h a t t h i n t e l l u r i u m l a y e r s deposited i n vacuum under oblique incidence present an o r i e n t e d s t r u c t u r e o f the c r y s t a l l i t e s , as shown by e l e c t r o n microscopy /I/. This s t r u c t u r e determines the appearance o f a photovol t a i c e f f e c t due t o l a y e r anisotropy /2/.
I n t h i s paper, we present r e s u l t s on the a n i s o t r o p i c character o f PbTe f i l m s , obtained by studies o f the e l l i p s o m e t r i c and p h o t o v o l t a i c p r o p e r t i e s o f these f i l m s /3/ /4/. The anisotropy o f t h e f i l m s i s i n v e s t i g a t e d by e l l i p s o m e t r i c measurements a t t h e a i r -f i l m surface, the p r i n c i p a l indices being evaluated i n a complex fonn.
I -THE PHOTOVOLTAIC EFFECT -RESULTS
The PbTe f i l m s were deposited on glass substrates by thermal evaporation i n vacuum o f about 18-5 t o r r under normal and o b l i q u e incidence (60") a t room temperature. The electrodes were formed by the d e p o s i t i o n o f Pb t h i n l a y e r s on the e x t r e m i t i e s o f the substrates. The p h o t o v o l t a i c e f f e c t was studied w h i l e i l l u m i n at i o n pulses from a l i g h t spot were scanning t h e whole l e n g t h o f t h e sample. The obtained phototension was v i s u a l i s e d on a screen o f a duoscop a f t e r a previous a m p l i f i c a t i o n . This f a c t p e r n~i t s us t o d i s t i n g u i s h t h e two components o f the phototension.
I n f i g u r e s 1 and 2, t h e two phototension components -jump ( x ) and exponent i a l (0) -are presented f o r two samples : the f i r s t one deposited a t normal i n c idence ( f i g . 1), t h e second one deposited a t oblique incidence ( f i g . 2 ) . The o b l i q u e l y deposited l a y e r s show a p h o t o v o l t a i c e f f e c t along t h e l e n t h o f t h e sample between layers, t h e phototension i s nu1 1 i n the same region.
t h e electrodes,due t o t h e i r a n i s o t r o p i c character, w h i l e o r the normally deposited
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component.
I1 -ELLIPSOMETRIC METHOD AND RESULTS
The ellipsometric measurements have been carried out with a null-ellipsometer type PCSA. The azimuths of the polarizer, the compensator and the analizer were read with a precision of 1 minute and the incidence angle with a precision of 10 seconds. Optical thick films were selected (~<1%). In this case we considered the light interaction with the bulk material surface.
The optical anisotropy of the obliquely deposited PbTe layers is studied using the Smet relations /5/ and a graphical interpolation method. The Smet relations allowed the calculation of the polarizer and analizer azimuths at the light extinction during the rotation of the sample in its plane. The optical axis of the layer parallel to the substrate surface was also considered.
The graphical interpolation method is based on the use of the diagrams obtained with Smet relations for different values of the four optical constants : no, ne, ko, ke. The variations of the polarizer azimuth PI -only for the values corresponding to the first ellipsometric quadrant in the Smith convention /6/ -versus the sample rotation angle 0 , is presented in figure 3 . In this case no = 1.75, ko = 1.50, the ne values are indicated on the graphs and the ke values are distinguished by means of different lines. We notice that : (i) the curves with the same ke and different ne present two intersection points (o), and (ii) the curves with the same ne and different ke present small intersection regions (6) that can tend towards a point with smaller variations of ke and ne than those considered above.
The intersection points in both cases depend only on three parameters and are independent of the fourth. From these selected points with a given refraction index no, four equiindex curves ko were built up in a coordinate system PI, 0 , for O (0° -180°). Two of these four curves correspond to the ke values, the other ones to the ne values. For the same no, but different ko, each selected curve generates an equiindex curve famlly as it can be seen in figure 4 , where the experimental curve C is also represented. At the intersections of the experimental curve C with the equiindex curves, several pairs of ko, ke values are obtained, for a given no, independently of ne, which can be graphically presented by a curve ke = f (ko). I n the same way, t h e azimuth values A1 o f t h e a n a l i z e r l e a d t o an other i n t e r p o l a t i o n curve ke = f ' (ko). The i n t e r s e c t i o n o f these two curves gives t h e s e t o f ko and k, possible values f o r a given no, independent o f ne. The same procedure i s used f o r t h e i n t e r p o l a t i o n curves ne = F (ko) o f t h e second type.
I n f i g u r e 5, a l l t h e obtained sets o f index values i n a coordinate system no ko, are g r a p h i c a l l y presented. At every point, t h e value o f t h e t h i r d known parameter, ke o r ne, i s marked. Thus, two curves are obtained, one depending on ke and t h e other on ne. T h e i r i n t e r s e c t i o n a1 lows t o determine t h e f o u r o p t i c a l const a n t s : two on t h e coordinate axes and two on t h e i n t e r s e c t e d curves.
The complex p r i n c i p a l r e f r a c t i o n i n d i c e s thus obtained f o r the o b l i q u e l y deposited PbTe layer, a t the a i r -f i l m i n t e r f a c e , are : tio = 1.79 -i 1.20 and A, = 1.75 -i 0.96 I n t h e case o f a weakly absorbing a n i s o t r o p i c material, a simple i n t e r p o l at i o n method can be used /7/.
I n t h e case o f t h e normally deposited f i l m t h e sample can be considered as i s o t r o p i c . The measurement o f the e l l i p s o m e t r i c parameters Y and A a t t h e two i nterfaces leads t o : f o r t h e f i l m -a i r i n t e r f a c e using t h e conventional method, and R = 4.26 -i 3.57 f o r t h e f i l m -s u b s t r a t e i n t e r f a c e using t h e i n t e r n a l r e f l e x i o n method /8/. To e x a c t l y evaluate the o p t i c a l constants o f normally deposited PbTe l a y e r we e l i m i n a t e the atmosphere contamination by t h e i n t e r n a l r e f l e c t i o n method and we take i n t o account t h e substrate roughness, according t o /9/. The behaviour o f PbTe t h i n l a y e r s reveals the a n i s o t r o p i c character o f these f i l m s when o b l i q u e l y deposited i n vacuum. This character i s pointed o u t by means of e l l i p s o m e t r i c measurements o f the p r i n c i p a l r e f r a c t i o n i n d i c e s and o f t h e non-null phototension on the l a y e r .
